Supérieure in Paris. "There [are] a lot of new directions being explored" because of BECs, he adds.
By cooling gases to a few billionths of a degree above absolute zero and coaxing them into forming a new state of matter, the three laureates verified a prediction made by Albert Einstein 70 years earlier. Einstein, in turn, took his cue from physicist S. N. Bose, who, in the mid-1920s, investigated the properties of particles that have integer spin--now termed "bosons." Bosons, which include certain atoms, behave differently from their opposite numbers, fermions, which have half-integer spins. Fermions tend to avoid one another; that is why you can fit only a certain number of electrons, which are fermions, into each atomic shell. Bosons, on the other hand, have no such restrictions, so many of them can occupy the same atomic state at the same time.
Matter masters. Wolfgang Ketterle (top); Eric Cornell and Carl Wieman (bottom, left to right). CREDITS: (TOP TO BOTTOM) UNIVERSITY OF COLORADO, BOULDER, OFFICE OF NEWS SERVICES;EPA/PRB
Einstein claimed that when cooled enough, bosons in a gas would stop jittering about and settle down into the lowest energy state, or ground state. Thanks to their sociable nature, thousands of bosons could all be in the ground state, forming, in a sense, one large "superboson": a BEC. BECs are playgrounds for bizarre physics. You can manipulate a BEC to create a very fine interference pattern, slow light down to a crawl within it (Science, 27 July, p. 663), or use it as an almost macroscopic testing ground for quantum mechanics. "We brought it to an almost human scale," says Wieman. "We can poke it and prod it and look at this stuff in a way no one has been able to before." For decades, researchers tried to inveigle matter into becoming a BEC, without success. Then, in 1995, Cornell and Wieman, physicists at the University of Colorado, Boulder, used a combination of optical and magnetic trapping techniques to bully about 2000 cooled rubidium atoms into forming a BEC. Shortly thereafter, Wolfgang Ketterle of the Massachusetts Institute of Technology created a considerably bigger BEC cloud out of sodium atoms. Those achievements set off a flurry of experiments in which teams watched BECs interfere with themselves, used them to create "atomic lasers," and watched as vortices formed and dissipated within the BECs. Researchers have also added new atoms to the roster of BEC-producing gases, including isotopes of hydrogen, lithium, and most recently potassium (www.sciencexpress.org). "We've been surprised to see the explosive growth of the field," Ketterle says. "We thought it would be neat, but it has had an enormous impact on atomic physics."
The prize, split evenly among the three winners, comes as no surprise to the physics community. In 1997, Cohen-Tannoudji, along with physicists Steven Chu of Stanford University and William Phillips of the National Institute of Standards and Technology in Gaithersburg, Maryland, won the Nobel Prize in physics for developing the cooling techniques that enabled physicists to make BECs. That prize was widely seen as an early acknowledgment of the importance of BEC research. Now the other shoe has dropped, and the physicists who created the first BECs can bask in glory that is far more than cold comfort.
A special Web feature on this year's physics laureates, including research, news, and commentary from the pages of Science, can be found at www.sciencemag.org/feature/data/nobelprize/2001/physics.shtml. who themselves shared the 1997 physics prize for that work), the 2001 awardees were the first to succeed in cooling collections of bosonic particles such as rubidium and sodium atoms to the point where they share the same quantum state, and thereby behave as a single, giant particle. Achieving this weird state of matter, the existence of which was predicted by Satyendra Bose and Albert Einstein in the mid-1920s, had been a holy grail of physicists for seven decades. And the work of the three 2001 Nobel Laureates has catalyzed an amazing period of progress in condensed-matter physics.
Science is proud to have played a key role in this seminal pathway of intellectual development. Beginning with publication of the landmark first observation by Cornell and Wieman in the 14 July 1995, the journal has remained at the forefront of Bose-Einstein condensate studies and the many implications of this extreme state of matter --from atom lasers to the first observations of Fermi degeneracy to the most recent studies in the weird behavior of BECs. To celebrate the accomplishment of the 2001 Nobel Physics Laureates, we present a roundup of some of the research papers in Science that have helped define this burgeoning field, coupled with news articles and Perspectives.
[Access note: Research articles and research reports that appeared more than 12 months ago are available free of charge (registration may be required). More recent research content, as well as news and Perspective articles, require a subscription to Science Online.]

The Early Observations
In condensed-matter physics, it was the equivalent of the "shot heard 'round the world": The famous cover of the 14 July 1995 Science announced the isolation, by a group of scientists at the National Institute of Standards and Technology (NIST), of a Bose-Einstein condensate from a collection of supercooled rubidium atoms. Several months later, in a study published in Physical Review Letters, a separate group from the Massachusetts Institute of Technology reported the equally remarkable achievement of BoseEinstein condensation in sodium atoms. As Elizabeth Culotta summed up in dubbing the Bose-Einstein condensate one of 1995's signal scientific accomplishments, the two discoveries ushered in "a new age of exploration in atomic and condensed-matter physics." Fig. 1 ] (color image) [ Fig. 3 ] (color image) [ Fig. 4 ] (grayscale image)
Observation of Bose-Einstein Condensation in a Dilute
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Atom Lasers Make the Scene
It wasn't long after the achievement of Bose-Einstein condensation that physicists started putting the strange state of matter to work. Perhaps the most natural application was the development of "atom lasers" --devices that exploit the in-phase properties of BECs to form coherent beams of atoms. 
Fermions and Molecules
Another research pathway marked out after 1995 involved using the new techniques to explore odd quantum phases in other kinds of particles. Notable landmarks here included, in 1999, the accomplishment of a quantum degenerate state analogous to Bose-Einstein condensation in fermions --particles, like electrons, neutrons, and protons, that obey Fermi-Dirac statistics rather than Bose-Einstein statistics --and, in 2000, the assembly of actual molecules in the ultracold milieu of a rubidium Bose-Einstein condensate. 
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